For the present study, data of the daily concentrations of PM2.5 between 1 January 2008 and 31 December 2015 was retrieved from the U.S. embassy air pollution monitoring station (data available from the official website: http://www.stateair.net/web/post/1/1.html), which is located in the Chaoyang District of Beijing. Figure S1 shows the location of the China national air quality monitoring stations and the U.S. embassy monitoring station during the study period. However, there were missing values for the obtained air pollution data, see Table S1 . Therefore, we established a series of air pollutant predictive models to interpolate the missing values for the specific days rather than simply excluding them, which could reduce the statistical power of our present study. If the dataset with missing daily air pollutant values is less than 5% of the total, we regard the dataset as a complete dataset which will not introduce any bias in the estimation of the effects of air pollutants [1] . Table S1 . Missing proportion of the collected PM2.5 data in the present study a . In brief, we divided the whole dataset into three parts. Two of the three parts were the complete dataset that will be used to build the predictive models and to perform the validation evaluation of those models. The rest was the dataset with missing values (more than 5%), and missing values were interpolated using the proposed predictive models. The details of this process are as follows:
Year
Based on the potential relationship between air pollutants with meteorological factors, a series of generalized additive models (GAM) [2] were constructed with the logarithm of air pollutants as the dependent variables and the meteorological factors as independent variables. The associations between air pollutants and meteorological factors were modelled with penalized smoothing splines. In order to remove the temporal trends in the daily air pollutant and meteorological factors series when we built a predictive model, we included the dummy indicators of month and dow rather than simply modelling the time term with penalized smoothing function, which could result in overestimation and extreme values for the interpolated values. The general formula of GAM is given as E(y ) = β + factor(month) + factor(dow) + f (temp ) + f (humd ) + f (suntime ) + f (wind ) + f (pressure )
Here, yi is the i th day air pollutant (logarithm); month is the dummy variable for the month of year; f() are the penalized smoothing function; dow is the dummy variable for the day of week; the tempi represents the i th day temperature metrics includes mean temperature, maximum temperature and minimum temperature, measured as °C; the humdi represents the i th day relative humidity, measured as %; the suntimei is the ith day sun time measured as hour; the windi represent the ith day wind metrics includes the mean wind, maximum wind and minimum wind, all measured as m/s and the link function is identity. For the temperature or wind metrics, only one of the three metrics was added to the model at one time. An automatic choice was adopted to determine the dimension of the penalized smoothing spline based on generalized cross validation (GCV). The best predictive models were selected according to the magnitude of R-square during the validation of the predictive models.
For the PM2.5, the dataset for 1 January 2013 through 31 December 2014 was used to create the predictive model. The dataset from 1 January 2011 to 31 December 2012 was used to test the validation of the created predictive models. The model with the best goodness of fit and highest R-square value was chosen as the best candidate predictive model, which will be used to interpolate the missing value for the dataset from . Lagging pattern of associations between PM2.5 and cardiovascular (CVD), cerebrovascular (CBD) and ischemic heart disease (IHD) mortality by age group. Specifically, a third-degree polynomial constraint was applied in distributed lag models for lags from 0 to 5 days. Figure S6 . Exposure-response relationships for PM2.5 (lag 0-1) with cardiovascular (CVD), cerebrovascular (CBD), and ischemic heart disease (IHD) mortality from extensively adjusted models for the whole population, according to different window lengths of the fixed-disjoint strata that used to control the long-term trend and seasonality. "Strata-21 days" and "strata-30 days" represent fixed and disjoined strata of 21 and 30 days in the same year were used to select the control days, while the stratum present the control days were selected as the same day of the week in the same month and year as the case period. Values are estimated relative risk of mortality associated with PM2.5 relatives to lowest value (5.83 μg/m 3 ). Base model (blue lines) adjusted effects of temperature and humidity only for two days, whereas the green, red, pink, black and yellow lines represent relationships from models with extensively adjusted cumulative effects of temperature and humidity for 7, 14, 21, 28 and 40 days, respectively. Figure S7 . Exposure-response relationships for PM2.5 (lag 0-1) with cardiovascular (CVD), cerebrovascular (CBD), and ischemic heart disease (IHD) mortality from extensively adjusted models for the whole population, according different modelling strategies. "Urban" represent the analysis was restricted to the districts within the radius of USA embassy monitoring station. "Wind" represent the effect of wind was additionally controlled for two days using natural cubic splines. "No-humidity" represent the humidity was not extensively controlled in models but with smoothed terms of two days mean using natural cubic splines. Values are estimated relative risk of mortality associated with PM2.5 relatives to lowest value (5.83 μg/m 3 ). Base model (blue lines) adjusted effects of temperature and humidity only for two days, whereas the green, red, pink, black and yellow lines represent relationships from models with extensively adjusted cumulative effects of temperature and humidity for 7, 14, 21, 28 and 40 days, respectively, except for the "No humidity" row of picture, where the model only had extensive adjustments for temperature. Note: Disease: CVD (cardiovascular disease), CBD (cerebrovascular disease), MI (myocardial infarction), IHD (ischemic heart disease). Single lag: lag 0 (current day), the rest lags were defined in the similar way; Multi-lags (moving average): lag 01 (two day means), the rest lags were defined in the similar way; Multi-lags (cumulative): lag 0-5 (current and previous five days), the rest lags were defined in the similar way; Splines: ns (natural cubic spline), ps (penalized spline), bs (quadratic spline). * Estimates were measured as percent increase (95% CI) in risk of mortality per 10 μg/m 3 increase in PM2.5 concentration for the whole population. a The 2 days represent the effects of temperature and humidity were adjusted with smoothed terms for two days using natural cubic splines in base models, whereas the 7, 14, 21, 28 and 40days represent the extensively adjusted exposure days (lags) for temperature and humidity by introducing cross-basis terms in extensively adjusted models; b "Strata-21days" and "strata-30days" represent fixed and disjoined strata of 21 and 30days in the same year were used to select the control days, while the stratum present the control days were selected as the same day of the week in the same month and year as the case period. c Adjusted for two days mean of wind using natural cubic splines; d Districts within the radius of US embassy; e Only extensively adjusting for temperature based on extensively adjusted models. Table S5 . Sensitivity analysis of associations between PM2.5 and mortality after controlling for temperature /humidity for 21days with different DF for temperature/humidity (from 3 to 6) space and lag-space (from 3 to 6) selected in the cross-basis function. Note: Estimates were percent increase in risk of mortality of cardiovascular (CVD), cerebrovascular (CBD) and ischemic heart disease (IHD) for 10 μg/m 3 increase in PM2.5. QAIC is the Quasi-AIC, which always used to assess the modeling fitting of Quasi-Poisson regression model. Results of present study with DF of 4 for both temperature/humidity space and lag-space were labeled as black bold.
